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To our Tekscope readers: 

Beginning with this issue, a new section entitled "New 
ProdficLs” will appear in Tekscope. It includes the in- 
I'onnation forinerly contained in tlie New Product 
Suj)pletiient that accompanied Tekscope. To simplify 
printing and distribution, product prices are shown on 
the aiiachcti inquiry card rather than as a jjart of the 
jjioduti description. We invite you to use the card for 
further itiformaiion or a demo of any of the producLs 
discussed. 

'The "Classifietl ,Vtl Supplement" that atTomjjaiiied, 
or appeared as an integral jjart ol, Teksco[je is also 
available through the u.se of the inqiiii-v card, Wc jdan, 
by this means, to give you more u]>-lo-tiaie infm inaiion 
on I'EKTRONIX instruments our customers wish to 
buy or .sell. 

We trust these changes will increase the value of 
Tekscope to you, ami welcome vour comments. 



Sinc^ely, 



-n 



cTfW'w ' • 
Gordon R. Allison 
Tek.scope Editor 
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D igital control of instrumentation is rapidly comiiig into vogue. Besides 
being the popular thing to do, what are the atlvantages to users ot spec- 
trum analyzers? One important advantage is the operating ease achieved by 
simplified controls, and the ability to place those controls for maximum 
operator convenience. But there is much more. 

The more includes an automatic start-up mode that switches in full at- 
tenuation to protect against inadvertent overloads damaging the input 
mixer, and sets the center frequency at zero with the 0-Hertz marker displayed 
on-screen for a quick operational check. More also includes new capabilities 
to measure signals masked by noise, and more precise measurements made 
with greater ease. These are just a few of the benefits in store for users of the 
7L5 Spectrum Analyzer. Others will be apparent as we discuss the 7L5 in 
greater detail. 

The 7L5 is a 0 to 5 MHz spectrum analyzer designed to operate in any 
7000-Series mainframe having crt readout. It occupies two plug-in compart- 
ments, leaving the other two compartments in a 1-hole mainframe available 
for time shared time domain measurements. A unique plug-in front end over- 
comes the performance limitations imposed by trying to accommodate a wide 
range of input impedances, and permits an 80 dB dynamic window over a 
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Fit?. 1. Signal drift is casilv observed using she max hold function. 
Split inctnory is used to dispiav fretpu'iicy excursion over time 
inicrtal, and fre(|iicncv ai time j)hoio was taken. 




Fig. 2. T wo .small signals in preseme t>f noise with nr> digital 
averaging. 




Fig. 3. Same .signals ;is in Fig. 2 with the signaLs below the sweep 
cursor digiiallv atx’vagcd. Noise is greatly reduced ami inie small 
.signal amplitude of — 102 dlhn is imlicatcil. 



reference level range of —128 dBm to -j- 21 dBm. Cali- 
brated displays are maintained for both tlBm and dBV 
measurements, selected by a front-panel switch. 

Front-panel controls 

The uncluttered front panel of the 7L5 gives the im- 
j>ression th;it the unit is easy to operate. ,A.nd it is. Digi- 
tal controls yield many benefits in the design, manu- 
facture, and usability of the instrument. They allow 
placing the controls i'or operator convenience, and give 
a much wider range than is usually available with con- 
ventional analog controls. For examjjle, the Reference 



Level control has a range of HI) cIB in 1 ciB and 10 cIB 
siejjs, and die Dot Frequency control co\er.s a range of 
(i to -1!)9!).75 kH/ in 250 M/ and 10 kHz steps. Digital 
operation also .simplifies the coujrling of two or more 
controls, eliminating expensive and complex mechani- 
cal configurations. With the Resolution control in tlic 
COIJPLLD position and the TIMF/DIV in AUTO, 
ojJtimum sweej) rate and rc.soliition tire automacicaliy 
selected for each position of the FREQUENCY SPAN'/ 
DIV control, giving one-knob control of tiicse three 
func ticjns lor mtinv applictiiions. 

One of the hictors thtit makes tiie 7L5 ea.s\' to operate 
is familiar nomenclature and luiution lor the Iront- 
jianel controls. Tlie major function that mti\' l>c un- 
familittr to vou is cligittd storage, so let's tttke ;i look at 
this sec tion first. 

Digital storage 

Foul' puslibutions and one sairitible control handle the 
digital -Storage iimctions of the 7L5. With none of the 
puslibuttons ticiutiied, the unit oyierates as a com'en- 
lionai airalwcr. U'idi either DlSPL,V^' A or B acurated, 
the digiitd storage section is activated, and the lu'ight, 
steady dixjdays and measurement c:ij)abilities aliorded 
by digital sioitige come into play. The mcnioi'y i.s split 
into two .sections of 25<i X-axis locations each. Wdicn 
both .V and B puslibuttons are actuated, the sections 
arc iiuerlaced allowing upchiting of all 512 horizontal 
loctuions. Infonnaiion in both memory seciioirs is u].)- 
(iated every sweep unless the ,S,WE .A pu.shbuiLoii is 
a< luaietl. Whili S.W'E A and DISPI...AV A actuated, daiti 
in -\ memory aie clis|)layed. but not ujidaied, .serving as 
a reference ;ig;iinst which the coiuetus of B memoi'y 
can be compared. 

A niaxitmnn hold function i.s avaihible by actuating 
tlie .\f.AX HOLD coiurol. in this mode, the maximum 
anipliiude .stored in every liori/onitil position of lire 
memory is dispitivcd. 'Flie infonnaiion is upclaiec! es’ery 
sweep, with the resultant disphiy ;i cmmilaiive eiu'clope 
as a |)rogre.s-sion ol time. Figure I shows stidi a display. 
Lksing split memory, the Hat top pedestal shows the 
frequency excursion ol an oscillator as it sliified airout 
one and one liall divisions ticross the screen, ivhile the 
.second half of the memory displays tlie oscillator fre- 
quency at the time the photo was taken. This function 
is useful in cliecking for signal drift as in Figure 1, or 
for unattended monitoring ior the presence of sliort- 
duration signals. 

A unitjue feature of the 7L.5 digital .storage is tiie 
ability to digitally average tlie aiiqdiiude oi the di;,- 
played signal. The threshold loraveraging isccmtinually 
adjustable from the bottom oi the displtiy, for no aver- 
jiging, to the top of the ciis]jia\, for averaging all clis- 
plaved signals. The averttging threshold selected is in- 
dicated by a sweep cursor di.s]ilaved on the ert (Fig. 2, 
3). The cursor control ser\es as a baseline clipper 
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Fig. 4. .Simplified funciiona! block diagram of ihc 7L5. 



control in the non-storage mode. The averaging cir- 
cuitry has a bandwidth equivalent to a 2.5 Hz to 12.5 
kHz filter, as a function of the sweep speed selected, and 
sweep rates are not as limited as with conventional 
video filters. 

Now let’s consider the conventional functions of the 
7L5. 

Processor control simplifies operation 

Two custom MOS processors developed by Tektronix 
control the frequency tuning (horizontal axis) and 
reference level (vertical axis) functions. These chips 
decode the front-panel controls and serve as an interface 
to the remainder of the circuitry. 

The vertical processor detects which pUig-in front 
end is in use and selects the proper dynamic window 
and the appropriate vertical readouts. It decodes the 
reference level selected and chooses the appropriate 
attenuation and gain settings. Four attenuators are 
available: -1, 8, 16, and 32 dB. These are selected in 
conjunction with gain steps of 1, 2, 4, 8, 16, another 16, 
and a post variable resolution gain of 60 dB, to achieve 
the desired reference levels. For example, to select a 1 
clB change in gain, (above a reference level of —29 
dBm) , we insert 4 dB of attenuation and 3 dB of gain. 

The Reference Level control is a 16-position, 360® 
rotating switch consisting of two circuit-board switch 
sections having eight pads each. The output of these 
two sections generates two square waves 90® out of 
phase developing what we call a 4-leveI, 2-bit gray code; 
a gray code being a binary number which changes one 
bit at a time. Whether the number increases or de- 
creases depends on which direction the knob is turned. 
The output of the Reference Level control is fed into 
an 8-bit up-down counter that, in conjunction with 
other inputs, provides the 8-bit code for the vertical 
processor to set the reference level. A ROM contains 
attenuation and gain information for each reference 



level selected, and switches attenuation in or out by 
means of TEK-made relays. Gain is inserted or removed 
by CMOS analog switches in the IF, Variable Resolu- 
tion (VR) , and post-VR stages. 

The front panel INPUT BUFFER pushbutton pro- 
vides a quick, easy check for intermodulation (IM) 
distortion and reduces the likelihood of IM products. 
Activating tlie input buffer inserts 8 dB of attenuation 
at the analyzer front end, and compensates by inserting 
8 dB of post-VR gain to maintain a constant display 
amplitude for input signals. It also provides a cleaner 
50-ohm termination (than a mixer) at the input, for 
those applications requiring it. 

Frequency selection 

The frequency control system combines a synthesizer 
with digital techniques that permits setting the fre- 
quency with six-digit resolution and excellent stability 
immediately after turn-on. A dot is displayed on-screen 
to indicate the point on the display that corresponds 
to the 6-digit readout. With the DOT MKR control 
fully counterclockwise the doc is at center screen. The 
dot can be positioned to the left side of the screen to 
operate in a “start” mode, with the readout always 
displaying the frequency at the dot position. 

The 1st L.O. consists of three phase-locked oscilla- 
tors. Two of the oscillators (A and B) control a third 
oscillator to generate a digitally stepped, or synthesized, 
10.7 to 15.7 MHz output. The A and B Oscillators use 
divide-by-N synthesizer loops to generate 100 kHz and 
10 kHz signal steps respectively. In addition, the B 
Oscillator output frequency is divided by 40, thus gen- 
erating steps of 250 Hz. The ,A and B Oscillators are 
swept by the shaped sawtooth input to generate a swept 
frequency output across the full frequency span. To 
achieve an 80 dB dynamic window and exceptionally 
low residual FM, A Oscillator is swept when using fre- 
quency spans of 500 kHz/div to 5 kHz/div, and B Oscil- 
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kitor when using spans of 2 kHz/div to 50 Hz/div. High 
stability is maintained by phase-lhcking the system dur- 
ing sweep retrace, or every 100 secoiitis when operating 
in a non-sweeping inode. 

The output of the 1st L.O. goes to the 1st Mixer 
located in the Iront-end plug-iii module. The resultant 
10.7 MH/ signal is led to the 1st IF Located in the 
main plug-in. There it is amjjlificd and then mixed 
with the 10. -15 MHz signal trom the phase-locked 2nd 
L.O,, giving a 2nd IF irequency ol 250 kPIz. Passing 
through ilie 250 kHz gain switched amplifier, the Vari- 
able Resolution circuitry, and the Log .Vmp, which 
provides up to (iO dB ot switchetl gain, the signal is 
then detected and passetl to the logic circuitry for dis- 
play along ^\■itll the frequency dot and ilie averaging 
cursor (Fig. -1) , 



Careful attention to design at every stage yields ex- 
cellent intermodulation performance with IM products 
for two on-screen —-It) dBm signals down at least 80 dB. 
Internally generated spurious signals tire — 130 dBm, 
or less, referred to the input mixer. Noise sjjecifications 
tire equally impressive; — 105 dBm at 30 kHz resolution 
and improving to — )35 dBm, or less, at 10 FIz. 

Now let's turn our attention to the mechanical a.speccs 
of the 7L5. 





Mechanical innovation 

The design gotils for tlie 7L5 provided challenge and 
opportunity for many mechanical innovations. One of 
the major goals was to develop front panel controls to 
satisfy ti concept of instrument architecture having a 
plug-on front jranei for ease of manufacturing, assem- 






Fig, 5. Digitally comrollctl 
circuitry allow.s coii.stnici.ion 
iccliniqucs for ease of 
maiuifacturc and service. 
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bly, and servicing. To meet this need, a rotary switch 
using optoelectronic concepts (no mechanical contacts) 
was developed. The switching elements were to be 
localized in the knob, and the entire assembly was to 
plug into the front panel. Further requirements dic- 
tated a minimum of 30 positions, smallest possible size, 
capability of ma.ss production, liigh reliability and ease 
of repair. The end result of many designs is a switch 
contained in a knob shell 1 " in diameter and long. 
The separate parts of the switch are shown in Figure 6. 
Basically the switch consists of a detent mechanism, a 
5-element LED light source, a slotted shutter wheel, 
and a 5-element phototransistor assembly. The 5-ele- 
mcnt optoelectric array gives a capability of 2’’, or 32 
switch positions. 

Both the LED’s and the phototransistors had to be 
positioned very accurately in relation to one another 
and in relation to the shutter wheel. A package was 
developed for them witli the five LED’s in series insial- 




Fig, ti. l^lcnients of the opioelcctronic .swiich-hi-ii-knob that gen- 
eniies a j-lni cock: for control of lime/div ami frequency span, 
(a) reiaincr ring, (I)) phoioiransistor holder assembly, (c) spacer 
ring, (d) shuuer, (e) light bailie, (f) LED array holder assembiy, 
(g) spring washer, Mi) detent usscmblv, (i) shaft a-ssembiv, (j) knob 
•shell. 

) led on a lead frame, ami encapsulated in transparent 
epoxy with integrally molded focusing lense.s. The 
j^hototransi.stor chips are ;ilso mounted on a lead frame, 
wired in parallel, and encapsulated in the same manner 
as the LED's. Tiie shutter wheel is theniically milled 
for economic precision production. 

The output of the switch is a 5-bit code at a level 
which interfaces directly with CMOS logic. Twoswitch- 
y es of this type are used in the 7L5. They arc the TI-ME/ 
DIV and FREQUENCY SPAN /DIV Controls. 

The RESOLUTION, DOT FREQUENCY, AND 
REFERENCE LEVEL controls also are knob switches, 
iDLit of a different tvpe. They are circuit board switches, 
with the switching elements located inside the knob. 
The DOT FREQUENCY and REFERENCE LEVEL 



controls are identical e.xcejK for the number of posi- 
tions. They generate a -f-level, 2-bit, gray code as dis- 
cussed previously. 

Other mechanical techniques contributing to the 
outstanding performance of the 7L5 include nunierical- 
controlled milling of the honeycomb chassis, and chem- 
ical milling of mumetal gaskets for effective .shielding 
of some areas. A unique U-shaped feedthrough device 
reduces cost and complexity by coupling signals be- 
tween compartments without the need for cables and 
connectors. 

The outboard cha.ssis on the left side of the 7L5 
sw'ings out, providing easy access for servicing without 
extension boards or cables. The entire unit can be dis- 
assembled in minutes, into the major components 
pictured in Figure 5. 

Summary 

The 7L5 combines frequency synthesis with digital 
technology to produce a 0 to 5 MHz spectrum analyzer 
with exceptional accuracy and frequency stability. Crt 
readout of measurement parameters and simplicity of 
operating controls assures easy, error-free operation. 
Digital storage provides a briglu display, and averaging 
techniques that allow peak levels and tiveraged .signals 
to be displayed together, Plug-in front-end modules 
yield low-noise levels and an 80 tlB dynamic display 
range. Digital controls give precise selection of measure- 
ment parameters, simplify mechanical construction, 
and .speed .servicing. 
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Transition counting 
with an oscilioscope 

M any jjeople involved with iroubleshooiing digi- 
tal circuits are continually looking Tor a better 
way to do the job. And people building insirunienis to 
test digital circuits are likewise looking ior belter ideas 
so tlieir instrunieni.s may do a better job. A very power- 
fail technique called tran.siiion counting lias been used 
by some manufacturers of circuit board test ecjuipmeni, 
and a transition counter lias now been cornbined with 
the most popular Tektronix oscilloscoj>e, the -165, for 
servicing digital circuits. 'This technique and this in- 
strument are undoubtedly just the kind of "better way” 
many people liave been looking tor. The time-saving, 
money-saving jroteniia! is vast. ^V^e would like to tell 
you about the techniqiic, how we liave combined a 
transition counter with an oscilloscope, and what that 
can do for two groiqjs of jieople. 

The first groiqi is conijirised of those who are con- 
cerned about the great exjiense of their inventory of 
replacement circuit boards, the long sliipping delay for 
repaired boards, or, perhaps, the red-tape and delay 
uncertainty through Customs wlien exchanging boards 
between countries. The second group: those people who 
are concerned about tiic high percentage of training 
time required to keep their highly qualified technicians 
familiar with new equipment, 

Truth tables vs count comparison 

Most engineers and technicians become familiar with 
truth tables when they first learn about logic circuits. In 
school you get a pretty strong impression that tlie state 
of an output is dependent on the combination of HIGH 
or LOW states on the various inputs. That is a way of 
envisioning the operation of a logic circuit ili:tt is like 
taking a snapshot ... it freezes the action. Although 
we are aware that the inputs normally change states, 
and that the output.s normally change states as a con- 
secpience, there is little point in trying to envision the 
action. The action of going from a LOW to a HIGH, or 
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from a HIGH to a LOW. is simply called a transition. 
If you go from LOU' to HIGH and back to LOW, you 
have had two transitions. 

A sini]>Ie two-input AND gate which has one input 
repeatedly going between HIGH and LOW should 
have an output wliich goes ihrougli an equal number of 
transitions during any interval when the .second input 
remains at the asserted level. 

By using the signal at the second input to gate a 
digital counter, the transitions at the output and at liie 
first input may be coumetl and the numbei's com]jared. 
If the AND gate is functioning properly the two will be 
the same. In other words, with tiie right digital counter 
and a suitable .set of input .signals, you can determine 
whether the .\NI> gate is functioning properly by 
(oimting transitions. 

This principle does not seem very important until 
you realize it applies to complex IC’s and large sections 
of digital circuits, as well as to individual gates and flip- 
flops. lising the principle, entire circuit boanls may be 
tested, and faults isolated to the component causing 
the trouble. 

If a circuit boai'd is tested and fouiul to be faulty what 
then? The trouble may be isolated and the faulty ele- 
ment identified and re[)iac:ed on the sjrot, using the 
same tran.sition counting technique. You don't have to 
be testing boards; you may be troubleshooting a portion 
of a board, or the entire equipment the board is used in. 

The main data needed when counting transitions is 
a set of numbers showing the ]>ropcr number of transi- 
lioiis to ex])eci at any jioint. Such data may be written 
on the circuit diagrams adjacent to the corresponding 
points. Figure 2 .shows a circuit diagram labeled for 
using the transition counter technique of trouble- 
shooting. 

For the numbers to be valiti. tlie time intervals during 
which transitions are coiuUeti must be identified. In 
most cases such intervals torrespond to either the 
period of otie cycle of the signal at some point in the cir- 
cuits being tested, or the width of a pulse at that point. 
When a probe is connected to the identified point, and 
the counter set to recognize the proper gating interval 
from ilie signal there, only one other probe is needed: 
the iroul)[eshooiing probe. With that probe you may 
( heck counts at any other point. 

For the gating intervals to be correct and the num- 
bers to be valid, tlie equipment must be operated in the 
pr'oper mode. For some equipment the proper mode 
may be a special diagnostic routine. For otlier equij)- 
meiit it may be merely how the controls anil switches 
are set. Either way, a few* informative sentences, or a 
set-up procedure, can identify the motle. 

So transition counting depends on knowing three 
things: (1) the right number of counts to e.x.i)ect, (2) the 
right count-gating time intervals to select, and (3) the 
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Fig. 1.T iic top of a 4G.") MOD 7!9A OsciUoscope. showing the con- 
trols and display window of a built-in digital counter. The oscillo- 
scope probes may bo used with I he counicrat the same time they 
are used for the scope. Input attenuators for the scope reduce the 



signals to the right size for the counter when they are the right 
size for the ert screen. MOD 719A counts .signal transitions not 
signal cycles. Signal cycles will be one half of the number indicated. 



right mode of operating the etjuipment containing the 
dreuits being tested. The equipment designer is prob- 
ably in tile be.u j^osition to .supply tliis information be- 
cau.se of his familiarity with the various operating 
modes and circuit functions. Wlien the de,signer has a 
TEKTRONIX Oscilloscope Mod 7I9A, it is no 
chore at all for him to compile the information. He 
merely picks an appropriate operating mode to exercise 
nio.st, if not all, inputs, identifies the count-gating 
signal, measures the counts with his -165 at all the 
varioii.s points, and logs the couiiLs on a circuit diagram. 
Forever after, troubleshooting is fast, simple, and con- 
venient for anyone who has a -165 Mod 719A. 

The information does not have to be supplied by the 
designer. A skilled service technician can do a com- 
parable job. Nor does the information have to be com- 
piled at the time the equipment is designed. It will pay 
many service organizations to compile such information 
as a supplement to the service manuals they pre.sently 
use. li will also pay equipment manufacturers to com- 
pile and furnish such data on equipment introduced 
years ago, it it is still being supplied and posing a service 
problem. 

Making a transition counter part of an oscilloscope 
makes good sense. Very little extra room or cost is re- 
quired because many of the circuits are common. That 
.says the price for the combination can be less than a 
separate counter and oscilloscope. Of etjual importance 
to most people is the convenience of having one piece of 
service eqLiijjment that will do most jobs. Even the scope 
probes .serve a double role. See Figure 1 for how we com- 
bined a transition counter with the -165. 

Capturing the counts 

The vertical input signals are routed internally to the 
transition counter dreuits, as well as to the scope cir- 
cuits. The transition counter always looks at the signal 
that arrives at channel 1 on the dual-trace scope. Transi- 



tions of that signal are what you count. The signal that 
arrives at channel 2 may be used to gate the counter on 
and olT whenever the CH2 GATED pushbutton, or the 
CH2 PERIOD pushbutton, is pressed. 

When the A SWP pushbutton is selected, counting is 
enabled during those time intervals when the A sweep 
is moving the ert beam. And when the TOT.VLIZE 
pu.shbiiiton is pushed, counting is enabled each time 
the RESET button is pressed. 

To count transitions cjf the signal at channel 1, you 
trigger the counter on that signal. To gate the counter 
on and olf with the signal at channel 2, you trigger the 
counter gating circuits with that signal. Proper trigger- 
ing for each channel is indicated by a monitor light 
located next to each TRIGGERING ADJUST control. 

The scope sweeps don’t Iiave to be triggered except 
when tlie .A SWP G.\7'E i.s used for the count gate. But 
when they are triggered, you can tli,splay the signal 
being counted, the signal doing the count-gating, or 
both. The channel I and channel 2 VOLTS/DI V con- 
trolsgovern the amjjlitude of the displayed signals and, 
also, the amplitude of the signals arriving at the counter 
trigger circuits. The scope may always be used as a 
signal monitor it count-triggering should be difficult 
or unstable. 

Transition counting cun be done using the A sweep 
gating signal as the count-gating signal by pushing the 
A SWP G.ATE [>ushbutton. That allows you to use only 
one probe anytime you can be sure that every transition 
you w'ant to count is displayed on a particular sweep. A 
continually variable count-gating signal may be simu- 
lated by varying the length (duration) of the A sweep. 
The length is controlled with the lO-curn DELAY 
TIME POSITION control when the B ENDS A mode 
is selected. The duration may also be controlled with 
the VAR (Variable) TIME/DIV control. 

When the equipment is not apt to have a count- 
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By labeling each signal lead on a circuit diagram with the 
number of transitions that should occur on that lead during 
identified time intervals, the cause of a wrong number may be 
traced to its source. Wrong counts arc traced to the source of 
error back along any signal path where there i.s also an 
erroneous count. .Any path where there i.s a correct count is 
ignored. 

The proper time intervals during which transitions are to 
be counted must be identified. That is sometimes done by 
indicating tlie source of the gating signal, and what portion 
of the signal corresponds to the correct intervals. If the time 
interval signals in your equipment are apt to be faulty you 
may simulate the right interval with the scope. 

The scope sweep gate signal may be used to gate the 
counter when the pulses occur in easily recognized groups. Or 
the sweep gate signal may be set to have a duration deter- 
mined by a given number of clock signal transitions. You 
merely trigger on the clock signal, count clock signal transi- 
tions, and vary ilie sw’eep length until the right numljer of 
transitions are indicated. That sweep gate signal is then used 
for all the rest of the transition counts. 

You can simulate a faulty IC in the equipment shown in 
the above diagram by lifting pin .*> of U2. The result rvill be 
an erroneous count of 4 at ic.s output, that appears at all 
points along the path to the FR.AME signal output. Anyone 
that can u.se an o.scilloscope and follow a circuit diagram can 
find the fault in a matter of minutes even without knowing 
what the equipment is supposed to do. or how to operate it. 



I'roubleshooiing Jnsiruciions might read like this: 

Equipment Operating Mode: 

Set the three toggle switches to position shown on diagram. 

Oscilloscope Operating Mode: 

Horizontal . . . B Sweep at .05 ^s/DIV, A Sweep at 20 /is/DIV, 
.A INTENS pu.shbuttoii in. 

Tri^ers ... .A Tri_gger in NORM mode, AC Coupled, CH2 
source, -(- Slope, Hoklofl in B ends .A position. 

B (DLY'D) Trigger .AC Coupled, CH2 Source, -f Slope. 

Vertical . . . CHI Mode. 1 V/DIV with probe, .AC Coupled. 

Probe.s . . . Troubleshooting probe on CHI, triggering probe 
on CH2, both connected to resistor R8. the clock signal. 

Control Settings . . . Set .A TRIGGER LEVEL near middle 
of triggered range as indicated by the TRIG light. 

Set B (DLY'D) TRIGGER LEVEL near middle of triggered 
range for triggered B sweep, as indicated by a shortened 
sweep when DEL.AY TIME POSITION control is moved to 
about mid range. Set Delay Time Position control and CHI 
Triggering .Adjust for a displayed count of 254. 

Troubleshooting 

.All points may now be checked for the proper number of 
transitions indicated on the circuit diagram, using only the 
troubleshooting probe. 
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gating signal that is much more trouble-l'ree than sig- 
nals in other jrarts of the equi])ment, a reliable gating 
signal may be simulated in the scope by varying the 
sweep length. You do that by counting a specified num- 
ber of signal cycles in the equipment, usually clock sig- 
nal cycles. An e.Kample is the etjuipinem shown in 
Figtne 2. I'lte FR.-VME signal output from that circuit 
would normally make an ideal gating signal, because 
the period of one cycle (2 transitions) is jn'operly re- 
lated to all the other inputs and outputs. But nearly 
any fault, induding the one introduced by lifting pin 
5 of IC U2, chatiges that signal period and therefore 
makes it unsuitable. Instead, the scope is operated in 
such a way that a gating signal of equal length is pro- 
duced in tlie scope. Yoti kno^r it’.s the right length when 
you set it to give you tiie right count of dock signal 
transitions. 

It is imporiam to note that die j>articular defect 
chosen wouUl not liai'e iieen detectable with a logic 
prol.ie because no output ivas locked up HIGH or 
LOW. 

Transition counting can also be tlone on a one-shot 
basis by selecting tlie TOTALIZE pushbutton and 
pushing the RESET pu.slibuiton each time a count is 
I'eady to be made. This mode is very useful for trouble- 
shooting non-iopetitivc signals, such as you may find in 
a calcidaior when a pai'ticidar calculation is in error. 
Witli tliis mode only one probe is required. 

The DISPLAY TL\fE (omrol will hold and display 
any count indefinitely, or enable fresh counting to 
occur frecjnendy. 

N'oise sjiikes as wide as 50 ns or 100 ns may be ignored 
by a coum-puisc wiilth discriminator pushbutton. 

A very unitjue and useful feiiturc is a count COM- 
PARATOR mode of operating the -105 Mod 7I9--V. 
Manv times circuit troubies are intermittent, so erron- 
eous counts only occur occasionally ami, therefore, only 
occasionally may be recognized. By storing a correct 
count once for a particular point, :ill suiisecjuent counts 
for that point may be compared electronically. Any 
discrepancy between a new count ami the stored count 
will immediately be indicated l>y a NOT EQUAL 
ligiu on the •K)5 Mod 719.A. ami the erroneotis count 
tviil he di.splayetl until intentionally re]>laced. 



Even if you have never used transition counting as a 
troublesliooting technique idr digital circtiits its sim- 
plicity and speed w-iil lie appai'ent once yoti understand 
the principle. The main bottleneck mo.st people per- 
ceive is compiling the count data and getting the infor- 
mation inchuled in their service manuals and circuit 
diagrams. Once you try the -165 Mod 719A for acquiring 
that data you can see how much jnore time and money 
will be saved servicing the equipment, compared to the 
inve.stnient in ac(|uiring the data. 

Qjinplex digital equipment deserves special atten- 
tion in the tlesign and early production stages to profit 
most fjom transition counting principles. Here are the 
things to consider doing; 

I. .Add sockets, connectors, or sj)ecial circuits to ac- 
commodate jumper cables, resistors, ROM’s, etc., that 
are to be part of the diagnostic plan. 

2- Characterize the prodita's performance early in 
the first production stages, with transition signatures 
recorded while the product is exercised according to 
the diagnostic routine. 

Document the signatures on the circuit diagrams 
and in troubleshooting procedures. 

-I. Start a fault-and-rep;ur reporting system. 

5. Build a library of erroneous counts and associated 

faults. 

G. Document any ne^v signature which is caused by a 
circuit modification. 

SPECIFICATIONS 465 MOD 719A 
Display: 4 digits: up to 9999 counts. 

Input signal amplitude, CH 1 or CH 2: lo m\' p-p or greater 

when displayed over 2 divisions or more. 

Input signal frequency: lo MH/ or less. 

Time between transitions: At least oO ns or lOO ns depend- 
ing .m WTDT H DI.SC;RI.\|1\.\T0R .seiecced. 

Gating signal: Cdiamid 2 signal periotl or pulse width: .-V 
SWP C;.V1E diiraiioir. manual RESET (TOT.-\LIZE) . 

Count Comparator: Dciccts intermittent fault by .storing 
and indicating any <mim that i.s not e<ju:il to the pre-loaded 
(orrect count. 

Triggering Monitor Lights: Indicate when the counter is 
triggered on cite CK 2 coum-gaiing signal and triggered on 
(;if I signal transitions.^ 
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Dave MeCuliough 



Storage 
expands your 
oscilloscope 
measurement 
capabilities 



F ast moving events— how do yon view them? If the events are electrical 
signals, the best way is to use an oscilloscope. For convenient viewing on 
a conventional oscilloscojje the signal must have a fairly high repetition rate. 
But what if you want to view single events, or slowly changing signals such as 
those created by a difference in temj)erature? Then the conventional oscil- 
loscope alone isn’t your solution. You could use a camera, or you coiilci take- 
advantage of a storage oscilloscope. 

Storage, in an oscilloscojje, is the ability to retain the image of an electrical 
event on the cathode ray tube, after that event ceases to exist. Image reten- 
tion may be for only a few .seconds, or for weeks, de|>ending on the type of 
storage. Different applications often reejuire dillerent types of storage. To 
ensure full coverage of your mcasurenieiu applications Tektronix provides 
three types of storage: 

Bistable 

Variable Persistence 
Fast Transfer 

Eacli type has advantages and limitations that make one more suitable 
than the other for a particular application. A look at the different storage 
types a])p]ied to typical applications may help you select the one best suited 
to your needs. 

Bistable storage 

The most imporiaiu tiiaraciei'istit; of Bistable storage is long retention or 
view time. View times lange fiom one hour to week,s, depending on tlie tech- 
nique used to achieve Bistable storage. Long view times allow extended sig- 
nal analysis without fear of losing the display. Tiiey also extend your ability 
to compare signals. Two or more repetitive signvds occurring at e.ssentially 
the same time can be easily compared, but when there is a considerable time 
lag between the two signals, one must be stored until the other occurs. A 
typical application is the need to compare signals before and after making 
circuit design changes or adjustments. In .such cases, we need to keep the ref- 
erence signal stored, while repeatedly storing and erasing the signal we’re 
adjusting. For these applications Bistable Split-Screen storage is available. Jn 
this type, the phosphor storage screen is divided into two independent sections, 
upper and lower, with independent storage controls allowing you to erase 
either half of the screen without allecting the other half. This sjjlit-screen 
capability is unique to Bistable storage where the phosphor is tile storage 
medium. Jt is not available in the Bistable storage discussed later, vvhere the 
storage medium is a mesh. 

If you need to display waveforms of slow, rejjetitive signals with fast ri.se- 
times, that appear as a slow-moving sjjot traveling across the ert, you should 
choose Bistable storage. Such a signal is displayed in Figui es -1 and 5 using 
two different types of storage. When the spot velocity of the risetime portion 
of this type of signal is approximately twenty times the horizontal spot vel- 
ocity, you will find it difficult to get a satisfactory display tising \ ariable Per- 
sistence storage (see Fig. 4) . Adjusting the \’ariable Persistence storage con- 
trols will only cause the horizontal line to bloom more (at one extreme) or 
cause the risetime to disappear or fade quickly (at the other extreme) . 
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If your application fits into one of the following 
categories and you want storage that is the lowest cost, 
most rugged and easiest to operate, your choice is Bi- 
stable storage: 

• Comparing signals that occur at greatly 
differing times 

• Viewing non-repetitive events 

• Displaying slow moving waveforms, or 

• Requires the split-screen versatility. 

Now let’s consider another tyj>e of storage. 

Variable Persistence storage 

Producing high contrast displays is the most ouisianti- 
ing capability of Variable Persistence storage. This 
allows you to view signals that are beyond the display 
capabilities of conventional (non-storage) or Bistable 
storage instruments. The tlim conventional oscillo- 
scope displays produced by fast, iotv rep rate signals 
{.see Fig. 6) can be converted to bright, easy to view dis- 
plays with Variable Persistence storage (see Fig. 7) . 

The high contrast ratio (stored image to background 
brightness ratio) of Variable Persistence provitles much 
greater contrast than the -1:1 best-case contrast ratio of 
Bistable storage. Tliis iiigh contrast ratio comes at the 
cost of view time. While Bistable storage techniques 
provide up to weeks of view- time, Variable Persistence 
is limited to a few minutes. View time available is pro- 
jjortional to the stored writing speed needed, as illu.s- 
crated in Figure 2. Also, as .shown in Figure 2 you can 
increase view time by using the SAVE mode of opera- 
tion. 

For many applications, limited view lime offers a 
measurement advantage. With Variable Persistence, 
once a signal is stored it automatically starts to fade 
;iway. This characteristic automatically erases the dis- 
play. It also illustrates the sequence in which the events 
occurred (Fig. 8). A persistence control allows you to 
choose the rate at which the stored signal fades. The 
controllable range varies from the specified view time 
at maximum writing speed (see Fig. 2), to almost in- 
stant disappearance. 

Here are some typical applications where the ability 
CO control the persistence, or view time, is a valuable 
aid to measurement. 

• Identifying the order in whicii signals occurreii 
(Fig. 8) 

• 01)serving the change in the signal while making 
calibration adjustments (Fig, 9) 

• Suppressing signal noise 

• Producing bright displays (Fig. 7). 

If one of these categories describes your measurement 
neetl.s. Variable Persi.sience storage is vour best bet. 

Fast storage 

A third cvpe of storage is j^rovideti by Tektronix to 
meet vour need.s for viewing \'ery fast, low repetition 
rate or non-recurring signals. It is called Fast storage. 




Fig. l. Portion of split-.scrccn Bistable storage oscilloscope front 
panel -showing storage controis. 
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Fig. 2. Grapli showing extended view siine available in .SAVE 
mode. The higher the stored writing speed neciied, the shorter the 
view lime. 
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Fig. 3. Graph showing the stored writing speed needed to display 
a given sinewave or step riserime at a given amplitude. 
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Fig. 5. The same wavefoTm as in Fig. 4 displayed using Bistable Fig. 9. Changes in ihe waveform as calibration aeijusunents arc 
storage. made are readily discernible in this Variable Persistence display. 





Fig. 7. The same signal as in Fig. (i di.splaved u.sing Variable Persis- 
tence storage. single burst of 100 MHi: nobc is captured by Fast Vari- 

able Persistence storage. 
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Fig. 12. Signal displayed using Variable Persistence storage. Note 
rising and falling portions are not visible, 




Fig. 13. Same signal as in Fig. 12 displayed using Fast Variable 
Persistence. Rise and fall times are clearly visible. 




not a consideration for selecting one type over the 
otlier. Ho^vever, in Fast Bistable and Fast Variable 
Persistence, that writing speed relationship is no longer 
true. Fast Variable Persistence can exceed Fast Bistable 
capabilities by more tlran seven times. The same basic 
trade offs, long view time in Bistable and high contrast 
displays in Variable Persistence, are still true for the 
Fast Bistable and Fast Variable Persistence modes. 

The nomograph in Figure 9 is useful for selecting the 
writing speed needed to display a given sine wave or 
step risetime (t^) at a certain amplitude. For example, 
to display a 16 ns risetime signal three centimeters in 
amplitude requires a writing speed of 180 cm/^s. 

Figures 10 and II show the ability of Fast Variable 
Persistence to store a single event having a risetime of 
3.5 ns, or a single burst of 100 MHz noise. A comparison 
of the ability of Variable Persistence and Fast Variable 
Persistence to display the same waveform is shown by 
Figures 12 and 13. Two fast signals occurring one min- 
ute apart are displayed in Figure 14 using Fast Bistable 
storage. 

If these are typical of your measurement needs, your 
choice should be fast storage. 

Summary 

Each type of storage has advantages and limitations 
that make one more suitable than the others for a parv 
ticular measurement application. Bistable storage offers 
long view times, a low cost, and rugged, split-screen 
operation. Variable Persistence provides high contrast 
and the ability to display different stored intensities. 
Fast storage offers increased Bistable and Variable Per- 
sistence writing speeds. Only at Tektronix will you find 
all three types of storage, and they’re available in the 
plug-in oscilloscope or portable oscilloscope that’s right 
for you. If you can’t choose, we have multi-mode oscil- 
loscopes that include the best of all three types. ^ 



Fig. 14. Two fast signals occurring one minute apart are easily 
displayed using Fast Bistable storage. 




In this type of storage the signal is first stored on a 
mesh in the ert, that is optimized to achieve maximum 
writing speed. The signal on this mesh is then trans- 
ferred to a second mesh which can be operated in either 
a Bistable or Variable Persistence mode. These two 
modes are called Fast Bistable and Fast Variable Per- 
sistence. 

Writing speed is the most important consideration 
for choosing Fast storage, and stored writing speed is 
increased up to 1350 cm/^s using Fast Variable Per- 
sistence. The Tektronix Bistable and Variable Persist- 
ence storage types discussed earlier have approximately 
the same writing speed {5 cm/^s) , so writing speed was 
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A potpourri of 
modifications 
and service 
hints 

THREE EASY MODIFICATIONS TO MAKE YOUR 465 
OSCILLOSCOPE DO SOME JOBS BETTER 

When the -^165 was designed, some special performance 
features were omitted because tiiey would be of little 
or no value to most customers. But for those who need 
the features and are able to make the mods themselves 
w'e can offer parts and instructions. Mod descriptions 
follow: 

Equalize X-Y Phase to 2 MHz 

By adding two resistors, two capacitors, and a small 
variable inductor you can modify the horizontal deflec- 
tion circuits so the phase difference between the hori- 
zontal and vertical deflection circuits may be adjusted 
to be less than 3 degrees to 2 MHz. The circuit card 
where the jaarts are installed comes with holes to make 
it easy to install the additional components. The com- 
ponents are located next to the X Gain adjustment pot, 
R12I5. Resistor RI211, in the original circuit, is re- 
moved and discarded. The changed section of the cir- 
cuit diagram is shown in Fig. 1. Following is the list of 
required pans: 

1-321-0077-00, Resistor, f>2 n, 1%, i/g watt 
1-283-0594-00, Capacitor, 1000 pF. \%, lOOV, mica 
1-114-0278-00, Inductor, 4.5 to 12^H, variable 
1—283-0672-00, Capacitor, 200 pF, 1%, mica 
]— 317-0151-00, Resistor, 150 0, 5%; watt 

1 kHz Calibrator Frequency Made Accurate to ±1% 

This mod requires adding a small potentiometer and 
changing five resistor.s and one capacitor to have a dif- 
ferent value, tolerance, or temperature stability. The 
amplitude calibrator signal may then be set to precisely 
1 kHz and used as a timing reference for sweep calibra- 




Fig. l. Compoiicms wiifun dashed lines replace R12! 1 on original 
diagram. 



tion checks as well a.s a voltage reference lor vertical 
deflection check.s. Tlie following cajjacitors and resist- 
ors are needed and used to replace those used in the 
original circuits: 

1 -285-0758-00, Capacitor C1592, .05 2^;, 

400 V Poly carb 

i-321-0365-09. ResLstor R1 591, 61.9 kn, !%. 14 watt 
1-321-0381-00, Resistor R1592, 90.9 ki^, I'!',, watt 
1-321-0268-09, Resistor R1593, 6.04 kn, i/^ watt 
1-321-0385-00. Resistor R1594, 100 kn, I";,, watt 
1-317-0622-00, Resistor R1596, 6.2 kn, 5^;^,, i/g watt 

One component, a small potentiometer, must be added: 
1—31 1-I224-00, 500 n Variable resistor, 0,5 watt 

Wlien RI593 is soldered into place the bottom end 
should not be connected to ground as shown in the 
original circuit diagram but wired in series with the 
500 n variable resistor. The bottom end of the variable 
resistor is connected to the +5 volt supply instead of 
ground. V'arying the resi.sior sets the calibrator signal 
frequency. 

Dual Trace Chopping Rate Increased to 1 MHz 

This mod requires eight pans, three of which replace 
original components. It reduce.? trace brightness .some- 
what in the chopped mode. 

Capacitors C356 and C368, and resistor R356, should 
be replaced with ones shown in tlie parts list below. 
These pans are shown on the Vertical Switching dia- 
gram in the service manual (070-1861-00) . R37U should 
be removed and not replaced. 

Now modify the CRT Circuit diagram in your serv- 
ice manual according to the partial diagram in Fig. 2. 
The remaining five parts should be soldered into the 
circuit according to the diagram. 
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Fig. 2. Circuit changes to increase chopping rate to J MHz. 

Here are the parts you will need; 

1-281-0629-00, Capacitor, C‘J56, 33 pF, 5%, 600 V 
1-283-0100-01, Capacitor, C368, 0.00-17 ^F, 10%, 200 V 
1-315-0.303-00, Resi.stor, R356, 30 ka, 5%. 0.25 watt 
I -28 1-0557-00, Capacitor, CH78, 1.8 pF, 500 V, NPO 
1-283-0057-00, Capacitor, CH79, O.i ^xF. +80%-20% 

I -3 1 5-0970-00, Resistor, RI479, 47 a, 5%, 0.25 watt ’ 
1-152-0141-02, Diode, CR1479, IN4152 
1-151-0301-00. Transistor, Q1479, 2N2907 

CHANGE YOUR 5L4N TO HAVE A 20 Hz TO 20 kHz 
LOG SPAN 

The log span is normally 100 Hz to 100 kHz for the 
5L1N Spectrum Analyzer. But it is easy to change the 
span to cover 20 Hz to 20 kHz to fit the audio frequency 
sj)ectrum. Here is what to do if your 5L4N has a Serial 
Number below B0303I.3; 

1. Change RI204 to 1. 01 kn, % w, metal film 
(321-0222-00) 

2. Change R1202 to i I kn, w. metal film 
(321-0293-00) 

3. Change R1200 to a 2 kn, 0.5 w, 10%, trimmer, 

(31 1-1265-00) 

4. Adjust R1200 for the proper span at 20 Hz. 

You can change the span by adding or removing a 
jumper wire if your 5L4N has a serial number higher 
than B030312. 

PLUG-IN EXTENDER CABLE PRECAUTION 

You can save hours of repair time by observing two 
simple precautions when using plug-in extender cables. 

1. Be sure power is turned off when connecting either 
end of the extender. 

2. Be sure both ends of the extender are connected 
properly. 



7300, 7400, 7600 SERIES -50 V SUPPLY FAILURES 

There has been a higher than normal number of fail- 
ures of transistor Q896 in the power supply of scopes in 
the above series. By aciding a diode between the base of 
Q896 and ground it will be protected. silicon diode 
is installed in parallel with diode CR894 with its anode 
grounded. VVe u.se a diode having the characteristics of 
a IN4I52, part number 152-0141-02. 

464. 465. AND 466 ERRATIC TRIGGERING 
When a display is sometimes erratic wlien triggering on 
low amplitude signals it may be caused by part of the 
sweeps being triggered from the opposite slope than the 
one selected. The condition can be corrected by chang- 
ing tour tunnel diodes from one type to another. Diodes 
CR550, CR552, CR650, and CR652 should be changed 
from a type having part number 152-0125-00 to a type 
having the j>art number 152-0125-01. good way to 
recognize diodes having the right part number is that 
the letters GE appear on them. 

575, 576, 577 CURVE TRACERS 

When the brushes on tlie variable traiisformer (used to 
control the peak collector voltage) wear out they may 
be replaced with new brushes tor about 1 /10th the cost 
of a new transformer. For the 575 or 576 use a brush 
with part number 118-0032-00. For the 577 use part 
number 118-0033-00. 

TM 504 GROUND LOOP 

When TM 504 mainframes with serial numbers below 
B0I137O are used to power an SG 502 signal generator 
the signal distortion may exceed normal limits. The 
problem appears on the SG 502 only w4ien the signal 
frequency is an even multiple of the line voltage fre- 
(juency but may a(>pear on other plug-ins as very low 
level hum. To prevent the condition remove the top 
and bottom cover of the T^^ 504. Locate the section of 
the circuit card shown below and cut through two cir- 
cuit boanl conductors as shown. Remove the connec- 
tion between the ±33 V COMMON and chassis ground 
(at the junction of C-20 and C-22 via a solder lug) . 
Connect the junction of C-20 and C-22 of the circuit 
l)oard at the point between JIO and J2Q marked COM. 



Cut ritn 
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products 






New products 




5444 Dual-Beam Oscilloscope 

The Dual-Beam Oscilloscope is a new member of 
che 5000 Series. Used wiih ihe 5B4-1 Diiai Time Base 
plug-in and two plug-in vertical amjilifiers, it is virtu- 
ally two oscilloscopes in one. Boiii beam.s can write any- 
w’here on the 8 b)' 1 0-di\’i.sion screen. 

The 5444 wdll display a one-shot signal at two sweep 
speeds or two one-shot signals at any sweep speed. Only 
a dual-beam scope with two set.s of horizontal deflection 
plates can do this. 

If you need to compare more than two signals, the 
5444 can display up to four repetitive waveforms in the 
alternate or chopped mode, or up to 8 at reduced band- 
width. Four single-shot events may be displayed at 
sweep speeds up to 100 /is/div in the chopped mode. 

The ert provide.s a bright display, has an illuminated 
parallax-free internal graticule, and provides readout 
that automatically documents the sweep speed and ver- 
tical deflection factor for each beam. A user-addressable 
readout option allows you to write up to two 10-char- 
acter words of your choice to identify the photograph, 
the device under test, etc. The TEKTRONIX C-27 
Option i Camera with 10,000 speed film ant! the Writ- 
ing Speed Enhancer (orP-il phosphor option) make it 
possible to photograph a one-shot display to the full 60 
MHz bandwidtli of the system. 




1502 and 1503 TDR Cable Testers 

The 1500 Series meets the most stringent environmental 
specifications for Hight-line rated te.st eejuipment. These 
portable TDR Cable Testers are at home operating in a 
deluge or a sand storm. Jamiary in Alaska or August in 
Texas doesn’t bother them. Bouncing around in an off- 
the-road rej^air vehicle or lieing dousetl with salt spray 
on board .sliip doesn’t stop them either, Tliey’re small, 
self-contained, nigged, and battery opeiatcd. 

I'hc two Cable d'esters use TDR, a proven lechnicjue, 
to pinpoint faults to a fraction oi an inc h in short lines. 
In longer lines they resolve faults to within a yarc.! as far 
away as 50,000 feet, depending on the cable character- 
istics. What can you test with this series? fust about any 
cable assembly from lamp coid to coa.\, jdIus a variety of 
broadband conijmnents (atnennas, (onnectors, equal- 
izers, sensors, etc.) 

The J502, for lines up lo 2(H)0 feet, pro\'ides frac- 
tional inch resoluiion. h uses a ilO jjs sicj) test signal 
into 50 ohms. The 1503 works out to 50,000 lect. It uses 
an impul.se test signal into 50, 75, 9.3, or 125 ohms. Both 
versions are equipped for recording a “signature" of 
line characteristic-s using most any external X-Y Re- 
corder. Signatures can l>e checked on a routine basis 
allowing problems to be identified ami corrected before 
catastrophic failures can occur. .\n ojjtionai piug-in 
strip chart recorder is available (option 4). 
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455 Portable 50-MHz Oscilloscope 

The 455 combines 50-MHz bandwidth, dual traces, and 
tlelayed sweep in a rugged, value-leading portable oscil- 
loscope. This instrument pro\'ides a cosi-elfective means 
of bringing needed perlormance features and accuracy 
to belli service applications and to juany production 
applications as 'well. 

.-Vctairacy and measurement range of the -155 are suit- 
able for virtually all .servicing of digital and analog 
equipinem. Vertical .sensitivity ranges to 5 mV/div with 
accuracy (I mV/div with channels ca.scaded) . 
Sweep rates extend to .5 n.s/tliv (2% accuracy for .50 
n.s/tliv and slower, 3% for 5 n,s/div, 10 ns/div, and 20 
n.s/div) . Differential time meastiremeni acctiracy is 

± 1 . 5 %. 

In addition, the '155 offer.s features designed to make 
measurements faster, easier, and more error free. These 
include: lighted tielieciion factor indicators, trigger 
\’iew, variable trigger itolilolf, color-coded modular 
]>robes, modular CDiismiction lor easy serviteabiliiv. 
and an easily understood color-coded control panel. To 
further eiihanie its use in service anil industrial en- 
\ ironmems, the 155 is houscil in a ruggeil, shock resist- 
ant plastic case. CDptional battery operation frees the 
155 from dependence on ac lines. 

The 155 is an idea! choice for servicing small to 
medium scale computers, computer |)erij>herais. indus- 
trial control cejuipment, militarv or commercial com- 
iiiunica tions gear, (diice machines, ;md point-of-sale 
terminals. 




E4010 and E4010>1 Graphic Display Terminals 

These two terminals are economy models of the j'jopular 
TEKTRONIX lOlO computer grapliics terminal and 
have all the -lOlO's features except for the traditional 
iluiml)tvhcels to control the c'ross-hair cursor. Graphic 
input is through the keyboard. The MIOIO, and its hard- 
copy compatible version, the E-IOlO-l. have ll-inch 
liic ker-free storage tulles, ().3-ciiaracter .\.SC1I set ('upper 
case), and 102-1 x 1021 adthessaljle poijus. .Ml TEK- 
TRONIX imerf.'ices, options and peripiierals are coni- 
j^atible with the terminals, including the graphics 
laldets and disc ntemorv units. 




The 4923 Digital Cartridge Tape Reader 

The -1923 Digital Tape Reader is the perfect storage de- 
vice to team up tvith the TEKTRONIX 4010 family of 
Computer Display Terminals or the 1023 Terminal. In 
fact, any |>rotluct using RS-2.32-C data communications 
lines can be used with the 192.3 Option 1. 

Information is stored on a DC300A 3M Data Cart- 
riilge with a data ca[)acity of 200,000 8-bit bytes. Data 
format is 128 8-bii byte records with variable length 
files. The standard model operates uj:> to lOK baud, de- 
pending on the terminal environment. Option 1 lets 
you select a baud rate from i 1 0 to 9000. 

Operating the -1923 is as simple as one, two, three. 
You have front pane! controls for Reserse, Write, Stop, 
Run and Forward. 

The computer can access START RE.VD (DCl) and 
STOP READ (DC3). During a READ operation the 
•1923 provitles a line-turn-around character if a DCS is 
encountered in the data. Once a DCS is read, the follow- 
ing stored character is reatl and sent, and the unit stops. 



2701 and 2703 Step Attenuators 

The 270I aiul 270.3 Step .-\tieiui:itors are small, labo- 
ratory-quality, wit!el)and bench-toj) instruments for 
attenuating large value radio- atul video-frequency sig- 
nals. Tlie 2701 is a 50 ohm attenuator particularly 
useful in making receiver sensitivity and distortion mea- 
-suremems. Its range of attenuation is 0 to 79 dB, in I dB 
steps. .-V front-panel slide .switch selects dc (direct cou- 
pling) , ac (protects against dc ollsets) , or dc TERM (a 
50 ohm [uccision termination). 
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The 270;^ is a 75 ohm atienuaior I'or television, 
CATV', te!e]ohone, ami radio applications. A front- 
panel switch extends the range from 79 dB to 109 dB, 
making an ideal accessorv lor wide-range measurements 
of cross modulation, signal-to-noi.se ratio, receiver sensi- 
tivity, etc. Attenuation can be selected in 1 dB steps 
with ten,s and units cam switches. TJie value selected is 
shown in the display window. .A block has been in- 
corporated on both rear panel jrorts to protect against 
accidental burnout Iroin high dc offsets or ac power on 
center conductors. 




1® Luminance Probe 

The J6523 1 ® Luminance Prol>e i.s the newest probe lor 
the |15 Photometer/Radiometer. The Jf)523 is especi- 
ally useful for measuring a very small spot or a small, 
distant area of light. 

Now you can take a precision light-measurement tool 
into the field and make measurements in diflicult situa- 
tions. The JIG / Jfi523 is tough, cojnpaci, light (about 5.5 
pounds), battery operated, and stabilized for reliable 
indoor or outdoor use. 

Tlie J652cl lias a measurement range of 0.1 to 19,900 
foot-lamberts (1 to 199,900 nii.s for the metric version), 
will measure a spot as small as 0.23 inch (smaller with 
commercially a^'ai!able do.se-up lenses), and ha.s an 
optical .sighting .system with a 9-degree field of view. Its 



rugged, stable silicon photodetector incorporates accu- 
rate phoiopic spectral correction. 




WP 1205 Digital Processing Oscilloscope (DPO) 

The WP 1205 DPO is a low-priced starting package for 
customers witli a restricted budget. The package in- 
cludes one 7.VI0 vertical plug-in, one 7B70 lime base 
plug-in. a CPiloi controller with a Ifik memory, a 
modified ,\SR-33 teletype, and paper tape DPO TEK 
B.-\SIC software. 

The WP1205 has an internai Ik semiconductor mem- 
ory, adetjuate to acquire and display one waveform with 
scale factors. But a standard ojnion is available pro- 
viding a -Ik memory. The CP]l5i controller with I6k 
memory provides adeqtuue program space lor most 
user applications since .specific software routines may 
be selected when initially loading DPO TEK H.ASIC 
software. 

Option 02 deletes plug-ins, option 08 substitutes a 
-Ik proce.ssor memory for the Ik memory, and option 
09 changes the line voltage connections for 230-\^ 
operation. 



Mo.st of the products pictured here are making their 
initial appearance in Tekscope. Others have been 
announced by Tektronix in the last few months and 
are included here because of their wide range of 



application. Wc invite you to use the inquiry card 
accompanying Tekscope if you would like more 
complete information on any of these products. 
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